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This note describes a simple, internally triggered spark gap that can produce a controlled and rapid discharge of a spark chamber. This makes possible narrow pulses which .are particularly important in preventing the development of spurious sparks in chamber gaps having 1 no tracks ). Resistors can be used to discharge spark chambers, but they seriously decrease the peak voltage when the capacitance of the chamber and pulser is large. This is because a short RC discharge time then requires a small resistance across the chamber. If this resistance is comparable to that of the pulser spark, the fraction of the voltage across the chamber is reduced 2 ).
The firing time of an untriggered gap that is placed acros s the chamber can be adjusted through a small range by va-rying the electrode separation. However, if it is to fire reliably, it must do so nearly as soon as the sparks form in the chamber, and may interfere with their development. This problem does not occur if the gap is triggered after a controllable delay.
The s.park gap shown in Figs. 1 and 2 is triggered by an additional outer electrode that also receives its pulse from the chamber.
The alumina dielectric, the trigger electrode, and the tungsten center electrode together form a capacitor of about 10 pF that is charged through the resistor after the chamber is pulsed. The dielectric intensifies the electric field at its surface near the electrodes; after a time delay (dete.rmined by the capacity, the resistance, the. s'hape of the applied spark chamber pulse, and the spark development time) a trigger spark forms and fires the main gap 3}. If the separation between the outer case and the trigger electrode is less than several mm. charging through the stray capacity between them will also play a role in the trigger spark formation.
Variations in the overall delay times are most easily made by adjusting the main gap spacing which then changes the main spark development time. The fall time of the pulse (about 15 to 20 nsec for a 5000-pF chamber in parallel with a 15 OOO-pF pulser capacitor) is not changed when this adjustment is made. Typical pulses for such a case are shown in Fig. 3 .
The overall delay time 1S shown in Fig. 4 (a) for a test setup using a capacitor rather than a spark chamber. The setup eliminates the ringing which usually occurs when the chamber size divided by the velocity of light is comparable to the pulse rise time. since such ringing will alter the delay tirne and add to the usual confusion. The applied pulse has an essentially linear rise 20 nsec long followed by a constant amplitude of 8 kV. The delay time shown (Fig. 4) is the time between the start of the rise measured by extrapolating its linear part back to the baseline. and the start of the fall measured by extrapolating its linear part back to the applied pulse (that is. as it would be with no discharge gap).
The region of stable triggered operation lies between 1-and 3-mm gap spacing. The main gap fires spontaneously for spacings smaller than 1 mm and fails to fire at all for spacings when much larger than 3 mm. The delay times for actual chambers are comparable to those shown in Fig. 4(a) . The much larger possible range of adjustment of gap spacing and delay time before excessive jitter sets in is apparent when the curves for triggered operation (R = 1. 5 H2 and 10 kn especially)
are compared with the one for untriggered operation (R = co). A delay time of 20 nsec corresponds to a full pulse width of about 50 nsec at half maximum.
The pulse-to-pulse jitter times shown in Fig. 4 are for new gaps. In actual installations where large numbers of these are used to near the end of their lives, the jitter time will increase somewhat but will generally remain less than ±5 nsec. The life for gaps discharging 10-kV pulses on 5 OOO-pF chambers in parallel with 15 OOO-pF pulser€apac-itors is about a million pulses, and is limited by erosion of the alumina dielectric. 
